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ABSTRACT 


jhe tensioned modified housefall method of replenish- 
ment-at-sea provides a system by which a cargo load can 
be transferred from one ship to another underiay at sea 
through the use of a simple vire rope arrangement, This 
System requires two winch drums on one of the ships and 
provides fine control of cargo trolley movement as related 
to either of the two replenishing snips. A major problen 
in the realization of an operating replenishnent-eat-soea 
system of this type is the development of a satisfactory 
automatic tensioning control. Wire tension must be maine 
tained within a narrow range during the replenishnenteate 
sea operation in spite of the individuel movements of the 
two replenishing ships, the transit movement of the cargo 
trolley from ship to ship, the varying separation between 
the two ships involved and other disturbances. If wire 
tension becomes too high the wire will part. Since wire 
tension is used to suspend the trolley load a loss of 
wire tension during the replenishmenteatesea operation 
will cause the trolley load to strike against ship 
structure or to drop into the sea. The goal of this re- 
search effort is the development of an automatic tensione 
ing control for a contemplated operating model of a tensioned 


mocified housefall svstem. 
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I. INTRODUCTION 


Basic reauirenents for an automatic tensioning con- 
trol are presented in Appendix A. This appendix starts with 
the fundamentals for maintaining constant tension in a 
cable stretched between two points with the distance between 
these two points varyinge From this basis Appendix A 
presents the development and description of the tensioned 
modified housefall replenishment-atesea arrangement which 
possesses the capabilities described in the abstract, 
Appendix B, taken from previous material, further illus- 
trates the operation of the tensioned modified housefrall 
arrangement. Appendices © and D, also material prepared 
previous to this report, describe the model system which 
this report concerns and the status of the development of 
this model prior to the research effort reported herein, 
Relative to the development of controls for the contem- 
plated model Mark II it should be apparent, following 
review of Appendices C and D, that the next logical step 
toward realization of this model is the more extensive 
analysis and design of the automatic tensioning control 
system. Appendix E contains calculations supporting the 


results of this report, 
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Il. METHOD OF ATTACK 


Initially a general control arrangement was designed 
along the lines of the automatic tensioning control 
described in Appendix D, With the exception of the servo 
valve, the hydraulic components selected are all commer- 
cially manufactured items, Elasticity relationships and 
free body diagrams vere studied to determine the effects 
of changes in the separation between two ships, of changes 
in the lengths of the wire ropss, and of changes in the 
trolley load position upon the tension in the rig wires. 

A transfer function relating tension changes and changes 

in the lengths of wire rope within the replenishnent-ate 
sea rig was developed. A block diagram of the entire 
automatic tensioning control system was constructed. The 
open loop portion of this block diagram was established 

as the product of two principal separate transfer functions: 
the wire rope Subesystem and the mechanical-hydraulic 
combined winch and control sub-system, The latter transfer 
function was approximated with Jumped impedances. With 
adjustment of some of the control parémetezs.a stable trans 
fer function evolved for the open loop system, Thus 
preliminary indications of the sizes of mechanical and 
“hydraulic control components for a stable automatic tensione 


ing control system were obtaincd. 
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TXT. DESCRIPTION OF GOWTROL ARRANGEMENT 


Figure 1 is a schematic of the automatic tensioning 
control system studied. If the tension in the wire rope 
rig increases above the desired value the torque loading 
upon the winch drums is increased thereby similarly ine 
creasing the hydraulic pressure on the psy-in side of each 
hydraulic motor, Thus the hydraulic pressures ES and 7 
are increased further advancing the pistons and rods of the 
differential actuators against a common compression spring. 
Increased hydraulic pressures (P, + Pi) cause the piston 
rods to advance in direction he Hydraulic servo flow is 
established to the A end of the control actuator while the 
B end of the control actuator is drained. The control 
actuator rod moves thereby positioning the stroke control 
mechanisms of the variable displacement hydranlic punps 
in the proper direction to generate main hydraulic trans- 
mission flow qe This flow rotates the rotors of the hydrau- 
lic motors to pay out wire from the winch drums. Thus the 
rig tension is reduced. Movement of the control actuator 
rod also positions a sleeve of the servo valve which nullie 
fies servo flow to the control actuator as the control 
actuator rod approaches the position dictated by the servo 


valve spool positione Tension is thereby restored to the 
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desired values The automatic tensioning control operates 
in a similar but opposite manner if rig tension decreases 


below the desired values 


/ 





IV. TENSION-LUNGTH RELATIONSHIP 


Figure 2 illustrates the effects of varying separa- 
tion and of cargo trolley position upon the relationship 
of tension to wire rope length. Also tabulated with figure 
2 is a comparison of methods of controlling tension:. 
whether tension should be held constant in the transfer 
whip, or in the inboard whip, or whether the sum of the 
tensions of both whips should be maintained constant, The 
results tabulated with figure 2 were obtained from studies 
of free body diagrams and elasticity. Note that the ratio 
of the change in wire rope tension over the corresponding 
change in wire rope length varies from 14.52 lbs./ine to 
90.2 lbs./in., the extremes being the maximum separation 
(200 ft.) with the cargo load at mid-span and the minimum 
Separation (40 ft.) with the cargo load at either terminal 
(or without a cargo load) respectively. From the tabula- 
tion also with figure 2 it is apparent that the best ten- 
sion quantity to control is the sum of the tensions of both 
whips, Limiting maximum tension to 330 lbs. on either of 
the whips by maintaining a constant sum of tensions on both 
whips a load carrying capability of 245 lbs. and a tension 


differential of 37.3 lbs, in each whip during transfer is 


{N 


obtained as comparcd to corresponding values of about 230 


lbs, with a 92 to 95.5 1bs. tension differential in one 
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whip if the tension in the other whip is maintained constant, 
The preceding analysis was based upon static conditions 
where the tension quantity coula ideally be maintained con- 
stante With actual operating conditions the situations 
analyscd would be the upper extreme of the range within which 
the tension quantity could be maintained under the most 
severe circumstances for which the system is to be designede 
The tension=Jength transfer function is developed in figure 
32 This transfer function is a function of rig geometry 

and elasticity. Rig geometry, in turn, is a function of 
cargo weight and cargo position, while elasticity is a funce 
tion of the total wire rope length involved, Development of 
this transfer function is based upon the following assump- 
tions: 

(a) The wire rope is weightless. 

(b} Elastic theory (Hooke!s law) is valid. The 
modulus of elasticity E = 14,000,000 psi and the wire rope 
area s 0.00616 sa. ind | 

(c) The wire rope system is not influenced by 
dynamics. 

(a) The influence of cargo position varies as 
the product of the proportional distances of the cargo from 
each terminal. 

(e) The influence of cargo position varies directly 
as gross cargo loadweiaht. 


(f) The terminal locations are at the same height, 
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ሽ (p) The wire rope tension sun is maintained 


constant: (T, ሩ T, = 613 lbs). 








Vo MECHANICAL-HYDRAULIC SUB-SYSTEN 


Figure (a) is a block diagram of the combination rig 
and control system, In figure 4(b) and 4(c) the block diagram 
is adapted for analysis utilizing lumped impedances. In 
figure A(d) the transfer function relating the change in 
"pay-in* pressure (sensor pressure Pag to the main drive 
hydraulic flow (Fp) that this change of "pay-in" pressure 
causes. The transfer function ds, , relating tension changes 
to corrective wire rope flow (Kj) is developed in Appendix 
Eo This transfer function is based upon the folloving 
assumptions: 

(a) Parameter values are true. 

(b) Lumped impedance approximations are effective. 

(c) Control linkages have no inertia, friction or 
stictione * ۱ 
(a) Servo valve has the linear characteristics 
calculated. ۱ 

(c) Electric prime mover operates at 1700 RPM, 


(f) Volumetric efficiencies of hydraulic components 


are as estimated. 
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Vi. CONCLUSIONS 


Based upon a stable transfer function determined 
through the ase of lumped impedance approximation, the iní- 
tial design of an automatic tensioning control system was 
completed including the sizes of hydraulic components, 
spring rate and variable displacement hydraulic pump stroke 
control lever lengths, | 

The transfer function derived in this report 
should be considered a first approximation relative to the 
construction of the automatic tensioning control of this 
report. In assembling and testing a prototype of this model 
provision should be made for parameter adjustment. With 
the prototype model it should be possible to readily ex- 
change the compression spring in search of the best suited 
spring rate to use; and to change the lengths of the control 
levers which stroke the variable displacement hydraulic 
pumps. Other parameter adjustments are feasible but with 
more difficulty. For instance, hydraulic components in 
the control arrangement could be replaced by larger or 
smaller sized units should this be necessary. 

Future efforts could include: 

(a) Review, factoring, simplification, further 


development and evaluation of the transfer functions. 
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(b) Analysis of the effects ol parameter changes 
upon the system (such items as changes of hydraulic oil 
temperature, changes of load inervia, inertia effects of 
tensioning correction phased to the delivering ship as 
compared to tenSioning correction phased to the receiving 
ship, inertia effects of cargo Lransiu, Cliects of com. 
recting tension against the load as contrasted with cor- 
-recting tension with the lead (overhauling load) as related 
to system stability and the capability of maintaining 
constant tension, effects of winchdrun reversals, etc.). 

(c) Computer simulation and analysis with inputs 
simulating disturbances such as ships! rolls. (Ships! 
rolls can be conveniently represented by sine waveswith the 
same periods as the real ships. Thus simulation of the 
combined rolls of two replenishing ships can be provided by 
summing two sine waves). 

(d) Actual construction of the real model with 
operating tests, analysis and evaluation, 

(e) Study, analysis or construction of other methods 
of automatic tensioning control. 

(f) Analysis with respect to a performance criteria. 

(g) Reliability studies and development of fail- 
safe features, | 

A suggested performance criteria is the minimization 
of the difference between the maximum and the minimum values 


of the tension encountered under actual circumstances in the 
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most severe environment in which the replenisnment-atesea 
Systcin is anticipated to operate, To make this criteria 
comparable to other systems which may operate at a different 
tension the tension difference referred to above should be 
divided by the desired value of tension to be maintained 
constant. Thus, on this basis, the performance criteria 
would be Gi where AT is the difference between the 
extreme tension aualities encountered in the most severe 
environment under which the replenisiment-=atesea system is 
intended to operate. Justification of this type of pere 
formance criteria is that a certain minimum tension must 

be maintained to adequately suspend the cargo load while 

a maximum tension must not be exceeded to prohibit the 

wire rope from parting. If the difference tetween these two 
extreme tension qualities can be minimized, the maximum 
tension encountered can bo reduced. Thus larger cargo loads 
could be carried by replenishment-atesea rigs utilizing 
smaller wire rope with smaller associated fittings as come- 
pared with caual capacity systems with a larger difference 
between these two extreme tension values. Relative to perform- 
ance evaluation, power consumption appears secondary to the 
capability of maintaining constant tension. However a 
Limitation of the peak power requirement should be considered 


in the comparison of different systems. 





Vil. CLOSURE 


Subsequent to the preparation of the main body 
of this report the following has become apparent, 

Improvement could be realized if the tension quality 
controlled vas the highest tension value of the two vire 
ropes used instead of controlling the sum of the tension 
qualities (T4 4 Tp} as evolved earlier in this report. 
Considering و‎ trolley transit from the delivering ship 
to the receiving ship the inboard whip tension (T,) would 
be maintained constant le the trolley travels froin 
the delivering ship to mid-span where the tension qualities 
become equal (T, = T,)e As the trolley passes mid-span 
enroute to the receiving ship the transfer whip tension 
becomes greater than the inboard whip tension (Tp 2 xh 
thus the tension quality then controlled is that of the 
transfer whip (T) Using the same comparison as was 
previously used to establish the superiority of controlling 
the tension sum constant the cargo load capability (W) be- 
comes 264 lbse vice 245 lbs. The inboard whip tension dif- 
ference (AT) during transit increases from 37,9 lbs. to 
55.1 lbs. while the same ouality in the transfer whip in- 
creases from 37,3 lbs. to 60.6 lbs, The increase in cargo 
load carrying capability makes controlling the higher 


tension quality more attractive than controlling the sum 
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of the tension qualities in spite of increases in the tension 


differences during cargo transit in both whips. 


Pablo 


offers comparison with the tabulation presented in figure 


2 for the control of other tension qualities: 


Table 1 
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Or T, = 330 lbs, 





Controlled Constants 


The control mechanism shown in figure 1 would 


require modification so that only the greater of the two 


wire rope tension values would displace the servo valve 


spool. The spring rate as evolved in Appendix E would be 





reduced from 478 1bs./in, to 257 lbs./in, Figure 5 illustrates 
a possible differential actuators to servo valve spool ar- 
rangement for utilizing the greater wire rope tension 


value only. 
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APPENDIX A 


$ FORMULATION OF PROBLEM 
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FORMULATION OF PROBLEM 


Figure l(a) shows a quantity of wire rope; 
length Lg with a force, tension Ty, applied axially 
along this wire rope. One end of the wire rope is 
attached at a fixed point A while the other end, B, 
is located by the force, Tension T5. 


14 the Tension To is increased fron its ini- 
tial value To to Ty the wire rope is strained such 
that the end of the wire rope at point By moves to 
point B “n the length is elcngated from Lo tOo 14, 
figure io 


If the Tension 7 3 decreased from its initial 
value To to To the strain ۳ ee such that the end 
of the wire rope has moved to point B, and the length 
is reduced from Lg to Lo, figure l(c). 


Note that the length of the vire, L, varies 
directly as the tension T applied to the wire, 


Le KT (1) 


A with Hooke!s Law is assumed: the 
strain is proportional to the stress, 


Suppose that a fixed segment of wire is ate 
tached between two points A and B; however the separas 
tion between these points is not constante 


For purposes of this illustration point A 
will be fixed while point B moves, See figure 2, 


= 


Let M = separation. 


As point B moves to the right the separation M 
increases from Mo to Mj; the wire rope is elongated an 
equal amount: 


= 1 (disregarding catenary effects 
and the یم‎ of የ ቴክኒ wire rope] thus Lg increases to 
Ly © 
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To elongate the wire rope an additional tensile 
load is applied to the wire rope as point B moves to 
the rights Thus the tension in the Wire rope increases 
fron To to die 


Similarly if point B moves to the left tho 
separation is decreased from Mo to Mo, the length of the 
wire rope is decreased from Lo to Lo and the tension 
in the wire rope decreases from Tp to Te 


Now suppose that it is desired to maintain the 
tension in the wire rope at an optimum value while the 
wire rope is suspended in a taut manner between tio 
points, the separation of these two points being 
variable. 


To accomplish this the quantity of wire rope 
suspended between the two terminal points will be 
varied in response to the variation of separation 
between these two points, 


One end of the wire is attached to a power 
operated reel, winch drum, in the vicinity of point 
Ae The other end of the wire, the free bitter end, 
is attached at point B, 


For illustrative purposes, consider point A to 
be at a fixed point while point B moves. (This is 
only a manner of viewing this situation, the important 
matter is not which point moves, but that there is 
relative motion between these points and that the 
distance between these two points varies.) See figure 3. 


In figure 3(a), as an initial condition, assume 
that the wire rope segment suspended between the winch 
drum at A, and the point B has a length Lj and that 
the tension corresponding to the length Lg of the 
quantity of wire rope suspended between points A and 
E is Too 


In figure 3(b), point B has moved from Bg to 
By] and the length of the wire rope suspended between 
points A and B has been elongated from Lo to Lj an 
increment represented by AL. The tension in the 
wire has increased from T, to T3. 





Å =l; 


In figure 3(c), point B remains at By and the 
length o£ the ic rope segment remains 3-1 as in figure 
3(b). However an additional quantity of Wire rope, 
corresponding, to ba increment A L has beer added by 
rotation of the winch drum in a clockwise directione 
The tension 73 of figure 3(b) is decreased to the 
uesired yalue و‎ 


In figure 3(d), point B has moved from B4 to 
Bo (referring back to firure 3(a)) and the length of 
the wire rope suspended between points A and B has 
been shortened from Lg to L5, an increment represented 
by Al. The tension in the^ wire has decreased fron 


In figure 3(e), point B remains at Bo and the 
length of the wire rope segment suspended between 
points A and B remains Lo as in figure 3(d). However, 
an increment of wire rope, corresponding to AL has 
been taken from the quantity of wire rope suspended 
between the points A and B by rotation of the winch 
drum in a counter clockwise direction, The tension T 
of figure 3(d) is increased to the desired value To. 


\ 
Examination of figure 4 shows three iten 
which influence tension T in the wire rope Tes 
between points A and Bo 


These three items are: 

(61 Movement of point A, x 

(b) Movement of point B, y 

(c) Rotation of the winch drum, 2 


For convenience, consider these items to be 
positive if they tend to increase the tension load 
T of the wire. Thus: 


x is positive if A moves to the left. 

y is positive if B moves to the right. 

Z is positive if the vinch drum rotates 
counter clockwise, Consider 2 to be the movement 
of the wire caused by the rotation of the winch drum, 


If the wire rope is initially placed between 
points A and Bin a manner as illustrated in figure 4 
with a resultant tension Type Then points A and B move and 
the winch drum rotates the resultant change of tension 
T may be expressed: 
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OY 

ATs Ax+ Gy t 42 (3) 
Considering time: 

Ve Xe yo (4) 

Ideally, if T is to be held constanti: | 


VO X+y+2 (5) 


The quantity X 4 $ + 2 may be split into 
two sub-quantities readily identifiable with 8٣ 
at jea o 


Sub-quantity X + y is the separation variation 
between the terminal or suspension points of the replenish- 
atesca rige ‘This subequantity itself is the sum of the 
movements (velocities) of the rig suspension point at 
each repleni Shing Shine 2 is ¿predomina nily due to the roll 
of the deliveri ing ship while Y is predominantly due to the 
roll of the receiving ship as illustrated in figure 5, 


Sub=quentity Z is the rotation (peripheral 
velocity) of the vinch drum, 


To maintain constant tension, equation (5) should 
‘be continuously satisfied during the re olenishmenteat- 
sea operation, Thus sub-quantity ደ + is the dis- 
turbance vhile sub-quantity Z is the correctional 
response intended to maintain the tension constant, 


Because % follows X + $ it is not possible to 
maintain the value of tension T ideally constant; it 
should be possible to maintain the tension vithin close 
tolerances however, 


The arrangement shown in figure 5 serves to 
illustrate the manner in which tension is to be cone 
‚trolled. However, the method of transferring cargo from 
ship to ship while simultaneously controlling tension 
has not been illustrated, 
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For initial illustrative purposes, referring 
back to figure 5; suppose that the bitter end of the 
wire rope shown in figure 5 is detached from point B 
and attached to a cargo load, In addition a winch drum 
is placed aboard the receiving ship in the vicinity of 
point Be An additional quantity of wire rope is at=- 
tached to the winch drum at point B; the bitter end 
of this added quantity of wire rope is attached to 
the cargo load, The resulting rig configuration is 
shown in figure 6. 


Consider the cargo to be weightless for 
initial explanatory purposes. 


Referring back to equations (4) and (5), note 
that the following substitution can be made and that 
these basic relationships remain applicable: 

2 ۴ Za eo 2u (6) 
where: 


Za is positive if the winch drum at A rotates 
counterclockwise. 


Zy is positive if the winch drum at B rotates 
clockwise. 


Equations (4) and (5), rewritten are: 


\~ |= Xa Yr Por 2, (7) 
KT=-0=X4y+2472, 5 Sor ATO) (8) 


Note also that the position of the cargo 
is related to 2, and zpe With initial conditions 
chat s. 5 when the cargo is at point A and zp œ O 
when the cargo is at point B the following relatione 
ships apply: 


13 (9) 
b 5 ezp (10) 
with | 


a e distance from point A to the cargo. 
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b = distance from point B to the cargo, 


Tne reason for the minus signs is due to the 
convention established through which Za and ጭቬጭ are 
positive if they result from rotation of the winch 
drums tending to increase the tension in the wire rope 
quantities. 


Thus.s 


e . a 
Za = «à represents the velocity of the cargo 
toward point A, the delivering ship. 


+ © a 
ûn 8 eb represents the velocity of the cargo 
tovard point B, the receiving ship. 


e è . ° 
፲፻ ኢ ፡፳ ሃ = 0 or if £ + y * O and tension T is 
maintained constant, equation (8) can be reduced to: 


Eat A = O (1i) 


The conditions established by equation (11) 
represent pure transfer of a veightless load from A to 
B or B to A without tension change. : 


Thus to transfer the cargo load the winch druns 
are rotated in the same directions, both clockwise or 
both counter clockwise, as depicted in figure 7. 


Up to this point the cargo has been ideally cone 
sidered weightless, Now consider that the cargo 
realistically has weight, It is apparent that tension 
T now serves the useful purpose of suspending the 
cargo in space, With this the practical limitations 
of tension T evolve, thus: 


Tension T must be of a sufficient quantity to 
safely suspend the cargo load clear of the ship structure 
and clear of the sea during the transfer of a cargo load 
from ship to ship but the tension T must also be kept 
sufficiently low so that no hazard of parting (tensile 
failure) of the vire rope exists. 


Figure 8 is a free body diagram illustrating how 
the cargo load is suspended by tension, 
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From figure 6: 


e Ses "D EN O 22 O [5 (12)‏ | = و 


l;Ces V4. — 71, Cos €, 
۰ ۱ (33 ) 


where: 
W = Load weight, lbs. 
Ta = Tension, wire rope segment ae 
Tb = Tension, wire rope segment b. 


81 = Angle of wire rope segment a from 
horizontale 


Op = Angle of wire rope segment b from 
horizontal. 


Note that the tension T, does not normally equal 

the tension The By limiting the weight carried, the re- 

ir quired values. of Tg and Tp are nearly equal, Expressed 
mathematically : 

5 VV 

| um 


Be s 
^ E 2 | Cs j 


0 (14) 
Where T = the desired mean value of tension, 


Considering cargo weight, figure 7 is redrawn; 
see figure 9. 


The most desirable manner of controlling the 
movement of the cargo load is that this movement be 
controiled with reference to the delivering ship, point 
A, while the cargo load is in the vicinity of the 
delivering ship and with reference to the receiving ship, 
point B, while the cargo load is in the vicinity of the 
receiving ship. During the portion of the cargo transit, 
in which the cargo load is sufficiently clear of both 
ships it is inmaterial whether the cargo movement is con- 
trolled relative to the delivering ship or relative to the 
receiving ship. 
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Control of cargo movement rolative to the dolivoring 
ship (point A): The winch drum aboard the delivering ship, 
at point A, is rotated corresponding to the speed at which 
it is desired to move the cargo relative to A; the winch 
drum aboard the receiving ship, at point B, is rotated as 
necessary to maintain constant tension, 4, = constante 

Control of cargo movement relative to the receiving 
ship (point B): ‘ne winch drum aboard the receiving ship, 
at point B, is rotated corresponding to the speod at 
which it is desired to move the cargo relative to B; the 
winch drum aboard the delivering ship, at point A, is 
rotated a8 necessary to maintain constant tension, 

IT, # constant, 


In figure 10 the arrangement shown in figure 9 has 
been modified principally by moving the winch drum which 
was shown aboard the recciving ship, figure 9, to the 
delivering ship as shown. At B is placed a sheave (roller 
or pulley). ‘The wire rope segment extending from the 
cargo toward the receiving ship is led through a 1800 
bend about the sheave at the receiving ship and returns to 
the cargo where it passes under a sheave located above 
the cargo load and the attachnent points of the wire rope 
segments to the load supporting trolley. From the trolley 
this wire rope segment continues over a fairlead sheave 
to the second winch drum now located aboard the delivering 
ship. An additional fairlead sheave has also been placed 
aboard the dolivering ship to support the vire rope 
segmemt from the winch drum vhich vas initially aboard 
the delivering ship to the cargo trolley, Point A is 
now defined as the location of the fairlead sheaves 
aboard the delivering ship and essentially is the point 
aboard the delivering ship from which the cargo transfer 
rig, extending toward the receiving ship, is suspended. 


For convention, the wire rope quantity wound 
about winch drum (1), led over the lower fairlead sheave 
at point A and attached to the trolley on the left side 
as depicted in figure 10 is called the INBOARD WHIP, (the 
inboard whip is also indicated by tension designation T 
in figure 10). The wire rope quantity wound about winch 
drum (2) led over the upper fairlead sheave, under the 
trolley sheave, about the housefall sheave &t point B and 
back to the trolley where it is attached to the right side 
of the trolley as depicted in figure 10 is called the 
TRANSFER WHIP, (the transfer whip is indicated by tension 
designation Ty in figure 10). 
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The replenishmenteatesca rig shown in figure 10 
with the use of tensioning control is called the 
TENSIOHED MODIFIED HOUSEFALL rig. 


From a control and operational viewpoint the 
Tensioned Modified Housefall rig has two major advantages 
has compared to the replenishment-atesea rig shown 
in figure 9 (Tensioned Burtoning). 


le With both winch drums aboarà the delivering 
ship, simultaneous control and drive of these two winch 
druns are preatly facilitated as compared to the arrange~ 
ment depicted in figure 9 where one winch drum is located 
on each ship. 


2. With. both winch drums aboard the delivering ship 
the requirement to place a winch drum aboard the receiving 
ship is eliminated. Therefore a great economy results 
relative to the incorporation of the Tensioned Modified 
Housefall replenishment-at-sea methode Only the 
delivering ships, with a primary miss] ion of replenishment- 
atesea, require extensive installations. Thus any ship 
js a Ma "receiving ship." (The designation 
"receiving ship" specifies the normal rale of the ship 
not configured to be the "delivering ship", cargo flow can 
be in either direction.) 


The matter of placing the cargo upon the trolley 
at the delivering ship and removing the cargo from the 
trolley at the receiving ship is dependent upon other 
machinery, At this point, accept the fact that it is 
possible to load or unload cargo to or fron the trolley 
at either ship. 


Equations previously derived are modified as 
necessary and rewritten below, As before, it is con- 
venient to start with a weightless cargo load. 


For W 20, To Ta = constant. The value of 
tension Ty described here Se Hn in figure ll corres- 
ponds to half the previous value represented in figures 8 
and 9 as twice as many parts of wire rope now extend 
between the two ships and suspend the cargo load, 


With TQ z T4 = Tp = Constant, with W = 0 
Top Xt y 2. 1 - (o De 2720) (7) & (8) 


za is nositive if — drum (1) rotates counterclock- 
wise as depicted in figure ll. 
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zi, is positive if winch drum (2) rotates 
counterclockwise as depicted in figure ll, 


With point A as the reference point relative 
to the quantities of wire rope used in the rig: 








a ss as. (9) 
a + Ab s -Zp (15) 
Hence: 
2, = 2 
a 
pe ng (16) 
Differentiating with respect to time: 
ል ሠ =2. (17) 
。 2,72 
b en (18) 


Where: 


۰ 
a = the velocity of the trolley away from 
point A, the delivering ship. 


b = the velocity of the trolley away from 
point B, the receiving ship. 


As before, if =፡ ቕ = 0 or if k4 Fx 0; 
Woe O and To is held constant: 


La + 2 = 0 (11) 


Again: The conditions established by equation (11) 
represent pure transfer of a weightless load from A to B 
or B to A without tension changes 


To transfer the cargo load the winch drums are 
rotated in opposite directions at the same speed with 
reference to figure ll, 


PHASED TO: 
For convenience the term "phased to" is introduced 


as related tc the Tensioned Modified Housefall method of 
replenishment-at-soea, 
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Phased to the Delivering Ship: Trolley 
transfer is controlled relative to the delivering 
ship. The velocity á is controlled. Tension cor- 
rections are made in such a manner so as not to 


atıecte ©, 


Phased to the Recciving ship: Trolley 
transfer is controlled relative to the receiving 
ship. The velocity D is controlled, Tension 
corrections are made in such a manner so as not 
to affect D. 


Figure 11 illustrates tensioning control 
phased to the delivering ship with zero trolley transfer 
speed, å = 0, is figure 11 (8) the arrangement is illus- 
trated with a separation = M_. In figure ll(b) the 
separation has increased by AM to Me 


Since the separation change AM affects two 
parts of wire rope the correction required is 2 1, 
In figure Jlb note that a correction has been applied 
with the transfer whip, winch drum (2), Mathematically 
the separation, variation and tension correction could 
be represented: 


KIu=X,tYo tZa + zi N (19a) 
Se [^^ pat CA ru 0 - w Ten DO DEC 
Vege re teen ፦ ` ZAM Correclrer 
۲ || || 
7 ... ፤1 CIT 
pm 一 ረ e Vi ተ ze Zi (19b) 
| 


Note that the quantity 2, (=~a) is not 
altered from equation (192) to (19b) which 
indicates no change in the position of the trolley as 
related to point A, the delivering ship. 


Figure 11 also illustrates tensioning control phased 
to the receiving ship with zero trolley transfer speed, 
bed, In figure ll(a) the arrangement is illustrated with 
a separation = M,e In figure 11(c) the separation has 
increased by A Fi to My. . 
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In figuro 11(c) note that the correction 24M 
is applied by “both the Inboard Whip and the Transfer Whip, winch 
drums (1) and (2), an increment JAM each. Mathematically 
the separation va riation and tension correction could be 


represented: 


Toe AY DE 2 , 
۳۹ | ጮ. ar: ን ج مو‎ 7 dir یی‎ ን (19a) 
separa Lo nme Van GE An ہے‎ OS مه‎ ci 
Vas iu Loos! 8 il 
pm (v سو‎ 
K Ig = XAV t Za 1 2 (19c) 


In which: 
Zar EZ 2 AM 


al ao 


“bi = Zbo # AM 


Substituting in equation (16): 





5 ۴ _ Za, — ። 
C ور‎ 
] 224-24. Ga — (2, FAM) 
l See A 


A 
È 5 = = lá 


Ca o 
wm (= b) is preserved 





thus the relationship 
from equation (19a) to (19c) which indicates no change in 
the position of the trolley as related to point B, the 
receiving ship, 





The examples of tensioning control with 
phasing cited above concern ideal conditions where the 
trolley speed (à or D « 0) is zero and the cargo weight 
(W = 0 is also zero. These conditions are only for 
illustrative convenience, The trolley speed (å or b) need 
not be zero. Trolley movement may be zero speed (stopped), 
a constant speed,.a constant acceleration or any convenient, 
function of time. The cargo may have weight. It is still 
possible to control the trolley movement related to A or 
B, (i.e.: phased to the delivering ship or phased to the 
receiving ship) without tensioning variation or correction 
0*0 329 this relationship. 





APPENDIA B 
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APPENDIX AB 


ላ 


TENSION VARIATION AND CORRECTION WITH PHASING; TENSIONED 


nr a E STS TIO E ሽ ፖሽፖሽፖ. سس سم‎ 


MODIFIED HOUSEFALL 


For illustrative purposes, the trolley is at a fixed location as related 
to the transfer operation, the trolley is located at some point along its 
movement between the replenishing ships and no control evolution is 
taking place to move the trolley from one ship to the other. This discussion 
concerns tension changes away from the desired value of tension, the subse- 
quent action to regain the desired value of tension, and the effects of tension 
discrepancy and correction to the distance of the trolley along the wire to 
either of the replenishing ships. 


The first portion of this discussion concerns the effect of tension 
discrepancy upon the distance of the trolley along the wire to either of the 
replenishing ships. The second and third portions concern the effect of 
tension correction upon the distance of the trolley to either of the replenishe 
ing ships dependent upon phasing. The second portion concerns tension 
correction phased to the Delivering Ship. The third portion concerns tension 
correction phased to the Receiving Ship. The basic rig with terminology for 
this discussion is illustrated in figure A-l. | 


A-1 Tension Discr epancy, 


As transfer control operation is not included in this discussion, the only 
item affecting rig tension is variation of the distance between the suspension 
points of the rig. If S" varies and no wire is added to or taken from the rig 
the trolley does not move along the ‚wire toward either replenishing ship, 

The trolley is fixed at distance A” from the upper tangent of the Inboard 
Whip fairléad sheave as the length of the Inboard Whip is maintained constant, 
The Transfer Whip within the rig is equal to a distance. et The 
Transfer Whip is held taut by tension and confined in its length from the 
Receiving Ship to the trolley, by the structure of the trolley, parallel 

to the Inboard Whip. As the trolley confines the upper part of the Transfer 
Whip to the Receiving Ship and the bitter end of the Transfer Whip is attached 
to the trolley, tension divides this bight of the Transfer Whip to two equivae 
lent parts each equal to b" . The distance from the trolley to the replenish. 
ing ships measured along the wire 'O^ and ١ , does not alter as tension 
varies. 


With a change in tension the trolley moves in an arc of radius vos 
centered at the upper tangent of the Inboard Whip fairlead sheave aboard 
the Delivering Ship and the trolley also moves in an arc of radius E 
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centered at the pin of the housefall block aboard the Recciving Ship, These 
are relative conditions. To visualize the relative situation it is convenient 
to confine the trolley to a stationary point thus as tension changes the upper 
tangent of the, fairlead sheave aboard the Delivering Ship moves along an 
arc of radius. 0 centered at the Inboard Whip bitter end attached to the 
trolley and the pin of the, housefall block aboard the Receiving Ship moves 
along an arc of radius centered at the approximate center point of the 
trolley structure between the whips. Figure A-2 illustrates the rotation 

of the rig suspension points about the trolley. 


To summarize, the significant item is that tension variations from the 
desired value of tension do not move the trolley along the wire toward either 
replenishing ship. So long as sufficient tension is maintained to adequately 
suspend the cargo load clear of replenishing ship structure and clear of the 
sea, there is no hazard of collision to the cargo due to separation variation, 


A-2 Tension Correction, Phased to Delivering Ship. 


Figure A-3 is an exaggerated representation of the effect of tension 
variations upon trolley location as related to the Delivering Ship. Trolley 
location "A" is the location of the trolley when tension is at the desired valve, 
Trolley location "B" is a trolley location with tension increased beyond the 
desired value and trolley location "C" is a trolley location with tension 
diminished below the desired value. 


To correct to the desired value of tension an increment "Ax" must 
be added or taken from each part of the rig. With tensioning control phased 
to the Delivering Ship a length of wire equal to "^x" is added to or taken 
‘from the Transfer Whip while no change is made in the Inboard Whip. Thus 
the distance &." , Delivering Ship to trolley,is not affected by the tension 
correction às the length of the Inboard Whip is unchanged, The length of 
the Transfer Whip between the Delivering Ship and the trolley, parallel to 
the Inboard Whip remains the same. The length of wire added to or taken 
from the rig affects the portion of the rig between the trolley and the 
Receiving Ship. This length is halved by the housefall block as the Transfer 
Whip is in two parts between the trolley and the Receiving Ship. 


Location "B' represents the condition where ship separation } 5” has 
increased thereby increasing tension. The trolley moves up along the arc 
at radius" &" centered at the upper tangent of the ¿nboard Whip fairlead 
sheave aboard the Delivermg Ship. A length “2Ax 1 is added to the Transfer 
Whip, the desired rig tension is CORO and the trolley is returned to 
location "A" without the distance" a” being altered. 

Location ''C' represents the condition where ship separation s” has 
decreased thereby decreasing tension. The trolley moves down along the 
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arc at radius" & centered at the upper tangent oí the Inboard Whip fairlead 
sheave aboard the Delivering Ship. A length" Zax” is taken from the Transfer 
Whip, the desired rig tension is restored and the trolley is returned to loca- 
tion "A" without the distance " c^ being altered, 


Figure ሊ=4 illustrates the effects of tension corrections to the lengths 
of Vo and "b when phased to the Delivering Ship. 


ል=3 Tension Correction, Phased to Receiving Sbip. 


Figure A-5 is an exaggerated representation of the effect of tension 
variations uponstrolley location as related to the Receiving Ship. Trolley 
location "A" is the location of the trolley when tension is at the desired 
value, Trolley location "B" is a trolley location with tension increased 
beyond the desired value, and trolley location "C" is a trolley location with 
tension diminished below the desired value, 


To دہ‎ to the desired vahe of tension an increment "Nx" must be 
added or taken from each part of the rig. With tensioning control phased to 
the Receiving Ship a length of wire equal to “Ax” is added to or taken fr om 
both the Transfer Whip and the Inboard Whip. A total wire length " Z Ax 
added to or taken from the rig: "Ax" for each whip. The Transfer Whip 
between the Delivering Ship and the trolley is altered by the increment “Ax 
and similarly the Inboard Whip between the Delivering Ship and the trolley 
is altered by the increment "Ax" . Thus the portion of the Transfer Whip 
extending from the Delivering Ship to the trolley is maintained equal to the 
Inboard Whip. This portion of the Transfer Whip is maintained parallel to 
the I nboard Whip by the trolley structure, The trolley sheave roller and 
‘the housefall sheave do not rotate about their own axes. The Transfer Whip 
bight extending from the trolley to the housefall block at the Receiving Ship 
and back to ‘the trolley, where its bitter endis attached, is not altered. Thus 
the distance " b" , Receiving Ship to trolley, is not affected by the tension 
Correction, The በር of wire added to or taken from the rig affect the 
portion of the rig between the trolley and the Delivering Ship. 

ላ 1 

Location "B" represents the condition where ship separation S has 
increased thereby increasing tension, The trolley moves up along the arc 
at radius" b 1 centered, at the pin of the housefall block aboard the Receiving 
Ship. Two lengths “Ax” are added: “Ax” to the Transfer Whip and “Ax 
to the Inboard Whip. The desired rig tension is restored and the trolley 
is returned to location "A" without the distance being altered? 


; ۱ ES va” 
Location "C" represents the condition where ship separation $ has 
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decreased thereby decreasing tension. The trolley moves down along 

the arc at radius ar ceniered' at the E of the housefall block aboard 

the Receiving Ship. Two وس‎ “Ax are taken from the Dis: SAC 

from the Transfer Whip and VA ከ... the Inboard Whip. The desired 
rip tension 15 restored and the trolley is returned to location "A" without 
the distance' b^ being altered. 


Figure a p illustrates the effects of tension corrections to the lengths 
o” and "b when phased to the Receiving Ship. 
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APPENDIX C 


PRECEPT:  TENSOIONBD MODIPIED 
HOUSEFALL MODEL MARK II 


(Appendix C of SEVENTH REPORT, 
TOTAL LOAD CONTROL, ULTIMATE TRANSFER 
RIG e e e June 1963 by author) 





سس 


C-1 Objectives. 


Section 4 of reference (h) contains a development program for 
the Ultimate Transfer Rig. Model Mark II corresponds to "Model 
2". sub-sectron 4. 212. Dhepürposes cited in this past report are 
basically the same at this date. With only slight modification and 
augmentation, they are: 


Cel "To progress further toward the development of the 
Ultimate Transfer Rig by providing additional familarization with 
the requirements to be encountered in the design and development 
of sizeable operational installations at a larger scale than previous 
models permitted. 


G-12 To turtnher cemonstrate the Ultimate Transter Bre. 


C-13 To meetor approach the following potential operational 
capabilities” 


C-131 Installation aboard Service and Combatant Ships as 
an improved underway replenishment method replacing the conven- 
tional Wire and Manila Highline. 


C=-132. Improved method of rissine and for the 
Tensioned Highline method of underway replenishment pending the 
installation of the large size Tensioned Modified Housefall as the 
Ultimate Transfer Rig. 


C-133 Tensioned Outhaul/Inhaul system for the Tensioned 
Highline method of underway replenishment pending the installation 
of the large size Tensioned Modified Housefall as the Ultimate 
Transfer Rig. 


C-134 Improved method of rigging and un-rigging for 
underway fueling including probe engaging and dis-engaging. 


C-135 Improved method of underway fueling hose suspension 
replacing the Spanwire and Close-in rigs for fueling at sea. 


C-136 After extensive testing and proven capability and 
reliability: Improved method of transferring personnel at sea. 


C-14 To provide an installation for test and evaluation toward 
operational acceptance of the Ultimate Transfer Rig. 


C-2 Initial Concept. 
Section 2 of reference (d) establishes the initial potential 
advance of Model Mark II. This basically is the elimination of 


"the mechanical transmission components between the electric 
prime movers and the winch drums", 
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C-3 Major Components, 


C-31 Hydraulic Components. Four Vickers PVB 10 variable 
axial piston pumps will be utilized in the drive transmission, two 
each for tensioning and transfer flow generation. Two Washington 
Scientific Industries, Incorporated Series 900 fixed rotary vane 
motors will be utilized, also, in the drive transmission, one 
directly driving each winch drum. The ratings of these components 
are: 


Vickers PV B=10 Variable Purap 


Theoretical Displacement - - = - - - - 1. 29 eu in/rev 

Flow ------------------ To 20 gpm; 10 gpm at 
rated speed 

Operating Pressure - - - - - - - - - - To 1500 psi 

Rated Operating Pressure - - - - - - - 1000 psi 

Operating Speed- - ----------- To 3600 rpm 

Rated Operating Speed - - - - - - - - - 1800 rpm 

Weight (dry) = = = = = = = = = = = > Approx. 29 pounds 


WSI Series 900 Motor 


Maximum Speed - - - ے‎ - - - - - - - - 1000 rpm 
Maximum Pressure - - - -- - - = - - 2000 psi 
نت 1 د‎ 261121 16111156 22 22 hna 25.4 cu in/rev 
110 gpm at Max rpm 
Theoretical Torque ---------- 404.3 in lbs at 100 psi 


8086 in lbs at max pres 
E 673.8 ft lbs at max pres 
Horsepower -------------- 128. 3 at max rpm and 
max pres 


A Vickers PVB 5 pressure compensated variable axial piston 
pump will be utilized as a servo control source for both the tension- 
ing and transfer drive flow generating sub-systems. The ratings of 
this pump are: 


Theoretical Maximum Displacement - .663 cu in/rev 

Flow ------------------ To 10 gpm (5 gpm at 
rated speed) 

Operating Pressure - - - - - ----- To 3000 psi 

Rated Operating Pressure - - - - - - - 1500 psi 

Pressure Compensated Range - - - - - 250 to 3000 psi 

Operating Speed - - - - - ------- To 3600 rpm 

Rated Operating Speed - - - - - - - - - 1800 rpm 
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A Vickers VV3-5C-10 pressure compensated variable vane 
pump will be ulilized as a replenishing source for the drive 
transmission, The ratings of this pump are: 


Maximum Operating Pressure - - - - - 1000 psi 
Pressure Compensated Range - - - - - 200 to 1000 psi 
Maximum Recommended Drive 

Speed (Approx.) - - ---------- 1800 rpm 
Minimum Recommended Drive Speed - 600 rpm 
Maximum Pump Delivery - - - - - - - > opin 


C-32 Electric Components. A 15 HP double ended motor will 
be utilized to directly drive the variable pumps generating tensioning 
drive flow. The name plate data for this motor is: 


Marathor Electric Manufacturing Corporation 

Model No. 284U*TF$-330-BB 

Type TES Frame 2640 His RPM 1760 

Cyc 60 PH 3 Volts 208-220/440 WDG H-28441B-3 

Duty Cont. Rise 55°C Encl TEFC Brg Ball; Double Shaft 


Two 5 HP double ended motors will also be utilized. One to 
drive the variable pumps generating transfer drive flow; the other 
to drive the servo control and the replenishing pumps. The name 
plate data for these motors is: 


Marathon Electric Manufacturing Corporation 

Model No. 215-TFR-31-BB 

1 ۲۱ 1 ۳ Frame 215 HF S5 RTM 1740 

Cyc 60 PH 3 Volts 208-220/440 

Duty Cont. Rise 55°C Encl i :۶ج‎ Double Shall 


C-4 Anticipated Capabilities and Design Evolution. 


C-41 Wire, Initial operating capabilities and design evolutions 
are formulated upon the use of 1/8 inch 7 x 19 Strand Core CRES wire 
rope. The use of 1/8 inch wire rope provides the maximum available 
theoretical capabilities commensurate with the utilization of readily 
available facilities and rigging fixtures. With the use of this limited 
size wire a more flexible rig is established, higher whip speeds are 
available, and a lower hydraulic line pressure may be utilized than 
if Wire size were increased, It is intended that the design of the 
winch assembly will permit the exchange of winch drums for a larger 
wire size if later desired. 





C-42 Safety Factor. Relief valve operation is based upon a 5:1 
safety factor relative to the ultimate tensile strength of 1/8 inch 
7 x 19 Strand Core CRES wire rope, 








(1) Ultimate Breaking Strength 
1/8 inch 7 x 19 Strand Core CRES wire rope 1760 lbs 
(2) Relieving Tension per rig part 


(1 352 lbs 

safety factor 5 
(3) Relieving Tension total - 2 (parts)(2) - 704 lbs 
(4) Assume nominal operating tension, total - 660 lbs 
(5) Nominal operating tension per rig part - (4) 330 lbs 

2 

(6) Nominal operating pressure across hydraulic 

motor corresponding to (5) - 800 psi 
(7) Torque, each motor, at 800 psi - (6)(404.3 in 1b/100 psi 

100 psi 

8 (404. 3 in 1b) 3234. 4 in lbs 

(8) Mean working wire layer radius - (7) 9. 80 in 


(5) 
(9) Wire per coil at mean working wire layer 

radius - 23«(8) 61.61 in/rev 
MF or 5. 134 
ft/rev MF 

(10) Variable pump revolutions at full displace- 
ment required to drive fixed motor one 
revolution - 
Motor displacement, cu in 


(Pump displacement, cu in)(pump volumetric efficiency) x 


(Motor volumetric efficiency) 
25.4 - 21.15 revs PV/ 


1. 29)(. 98*)(. 95%) rev MF 
* Interpolated effeciencies from manufacturers' data. 


(11) Fixed motor speed corresponding to full flow from 
one Variable pulp ~ electric motor speed, rprhi 2 


(11) 

1760 

21. 15 - 83.21 rpm 
(12) Whip speed corresponding to full flow from | 

one variable pump - (9)(11) - (5. 134 ft/rev) x 

(83,21 rpm) - 427. 20fpm 
(13) Maximum fixed motor speed to be encountered 

due to variable pump generated hydraulic flow: 

Condition: Transfer Whip only, phased to Deliver- 

ing Ship, transfer at maximum speed driving in 

the same direction as the simultaneous maximum 

tensioning flow. Three variable pumps at max- 

imum output are driving one fixed motor. 

3(11) * 3(83. 21 rpm) - 249.63 rpm 


68^ 
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(14) Transfer whip speed corresponding to (13). 
3(12)= 3(427. 20 fpm) = 1281.60 fpm 


(15) Maximum tensioning drive power input - 
Pres x Flow, cu in/min 


efficiency, pumpx motor x ome 000 


(1000 psi**)(2 Ba ES cu in/rev ump)(1760 rpm)* 
6,0 15:32 HP 


(16) Maximum transfer drive power input - Condition: Transfer 
drive system is operating at maximum speed, one variable 
pump, (paying in) is working against a pressure of 1000 psi, 
and that rig loading overhauls the paying out winch drum. 


(1000 psi)(1. 29 cu in/rev)(1760 rpm). 
(. 85). 88) (396, 000) 


[tension /part, lbs)(whip spd, fpm)(effic. motor)(effic. pump) 
33000 ft lbs/min per HP 


7.66 — (330 1bs)(427. 20 fpm)(. 88)(. 85) 
33000 ft Ibs/min per HP 


7.66 - 3.20 = 4.46 HP 


(17) Relief valve setting - (2 


( 
(352 lbs)(800 psi) +(20 
(330 lbs) 


(6) / Replen pressure 


E 


| 


Qo ال‎ 


psi) z= 1053. 3 DSI 


(18) Winch drums are based upon capability of operating with a 
separation of 200 feet. To insure availability of wire with 
load catenary, winch drum capacity is based upon a separation 
of 250 feet. A separation of 100 feet will be assumed to be 

‘the normal operating separation for determining the design 
mean wire layer radius, (9.80 inches (8) above) to be utilized 
upon both winch drums with the trolley at the Receiving Ship. 
With the trolley at the Delivering Ship, the Transfer Whip 
must extend twice the capacity separation of 250 feet. To 
accomodate this requirement the Transfer Whip winch drum 
must have a minimum capacity of 500 feet. 


As the Inboard Whip extends across the ship separation a 
maximum of one part only, when the trolley is at the 
Receiving Ship, the Inboard Whip winch drum must have a 
minimum capacity of 250 feet. 


* Interpolated efficiencies from manufacturers' data, 
** 800 psi operating pressure plus 200 psi replenishing pressure. 





Considering the above, winch drum wire loadings under 
several conditions are: 
Wire upon winch drums 


C ondition: Transfer Whip Inboard Whip 
A. Stowed aboard Delivering Ship 50011 2 1 


D, Ripged, Z50.it separalron: 
trolley at Delivering Ship 0 71፡1 


Ca Buessed, 250 ft separation: 
trolley at Receiving Ship 250 ft 0 


D. Rigged, 100 tt Separation: 
trolley at Receiving Ship 400 ft 150 tt 


It is desired that the Transfer Whip and Inboard Whip winch drums 
have 400 ft and 150 ft (condition D) upon them with operating wire layer 
radii of 9. 80 inches (8) above. 


Through use of the formula (reference (f) 


Ja (A - 2( عر‎ ax Cx 1" 
capacity of drum in feet 
Depth of wire spooled on drum 
Barrel diameter 
Drum width 
Wire diameter 
Spooling factor 7.262 (controlled winding) 
D2 

with the stipulations specified above, the following winch drum dim- 
ensions are desired: 

Transfer Whip Inboard Whip 


M 


1117 ESE 
uon ow m d 


B:18. 73 inches (18-3/4 inches) 19.23 inches (19-1/4 inches) 
G:3 inches Sine nes 


197 ፎ-ሬ 


ة > ۰ 





Further use of the above formula provides the following table 
of winch drum capacities by layers: 


Com- 

pleite Transfer Whip Inboard Whip 

wire piteh fe et / pitch feet / 

layers feet dia, in coil feet dia, in coil 
1 118. 4 18. 85 4. 94 121,69 19.35 50r 
2 2996 5 1 1) 5, 00 ሪ44. 94 112950 58 
5 360, 34 19235 25:01 369. 77 ] 05 5.220 
4 . 483.60 19.60 5215 496.17 2010 5426 
5 0+0 . መ . 0 GIS 20.35 5 
6 734, 83 Zur 10 50206 753.09 20960 5.40 
1 20.39 529 20; 85 5. 46 


Ideally the Transfer Whip winch drum should be loaded with two 
more layers than the Inboard Whip winch drum when the trolley is at 
the Receiving Ship; or when the rig is stowed with the trolley at the 
Delivering Ship and at zero separation. 


With the rig stowed aboard the Delivering Ship,trolley at the 
Delivering Ship, zero separation with fairleads rigged an ideal 
condition would be to have four complete layers of wire plus eight 
coils stowed upon the Transfer Whip winch drum and two complete 
layers plus eight coils stowed upon the Inboard Whip winch drum. 
With a separation of from 41.60 feet (8 coils x 5. 20 ft/coil) to 164. 85 
feet (41. 60 plus the applicable layer of either winch drum) both winch 
drums will be operating at the design mean layer radius (9. 80in.) 
when the trolley is at the Receiving Ship. 


The winch drums are to have an overall diameter of 21-1/2 
inches, ¿Por maintenance purposes, the trolley can be removed 
from the rig, the Whip bitter ends temporarily connected together, 
and the entire length of wire required can be stowed upon either of 
the winch drums with ample flange clearance. 


Figures C-1 through C-4 illustrate currently contemplated 
arrangements and components of the Tensioned Modified Housefall 
Model Mark II. 
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ABSTRACT 


This report has been prepay eed tO comply wisth San Fragcisco 
Naval Shipyard contract SFNS-3280-M34-21-X, Poe ۱11۷ this contract 
requires a drawing presenting the Electrical Schematic Wiring Diagram 
of the Shillinger Tensioned Modified Housefall Model Mark II aicn 
with a detailed word description of the principles and methods of 
operation of this model. 


"EA 


The main drawing presenting the Electrical Schematic Wiring 
Diagram is figure 2 of this report. The other drawings combine 
orientation, electrical, hydraulic and mechanical control features 
of this model. These additional drawings are essential for an 
explanation of the operation of this model, 


This report supplements Append 


> C erf references la) Essen 
contains one initial description of the contempiated M 


^e 

late irk II model. 
Section 7 of this report summarizes the status cf this 

project at this time. i 


No attempt is made in this report to deraribe "pha: 
which, in essence, is the prime justification for this pr 
its capability of transferring delicate M wich rig sim 
and expediency, from ship to ship at sea under adverse condi 
Appendix A of reference (b) exrleins this quality. 
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Hydraulic Claws to and from ا‎ ! end MET ure Hironta tha main manite 
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transfer 4 
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The main manifold else provides fur the mounting of il valves: 
2 Phase Shift Valves (FPHV] and PHV2} 
ይቨር 164 ህህ (ny tious ++) 
1 Tio IAS x ta ? 
با‎ Cheek Valves (CV1 through 4) 
DA . መጻ > ዋቸ. n 241 ሣና እ) 
1 Manually Operated 4-Way Valve (ILG4V1] 
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pora Cono. sais. م ا‎ usc wa dor Luc ! 
also mechanically attached and synchroniaed such that the Plow رد‎ 
ሟን ቀ ES ۳ 32 2 Mo E 3 - 7 Das 2 5 8 2 =: ; O e 
rVl is always theoretically eyval to the flow from Pr2, sS 
from the two pumps are in the same direction to tha main manifold. 
m S = a ዓን " => پت ھی ہس‎ .2 መሙ ነ ۳ 0 ` > b ሥ, ሂዳ a ms - ^ 
rhe flow from PVI always drives MP. The flow from FYZ drives 
either MFl or MF2 depending upon phasing: 
nr . $ 
3 4 : 5 2 = 5 
1.21 Phased to Deliverins Ship 
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I x c MESS IT ۱۳۱: ۱۲ a e ۱ 50 EC n 
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DST መ Are M ው E 2 | ۱ 
(PV1 and FY2) drive fixed hydraulic motor url. 
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1.4 Final Drive 
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1,53 Brakes 
Spring set 22 € 
drums and for the slidiug block drive: 
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2.3 Spring set vrakes: The brakes pul, (te end ا‎ “by 
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strength. 


The brakes are also dependent upon the availability ርያ sveraulic 
servo pressure for their operation. The speol of valve HOV) is 
mo ው to በሰ 10 በ መዉዲመ.፡፡፡ሜ፡፡ምቸ፡ዲሕች፡ሕ፡ሕሖ ፡ ጫጮጫሑሕሎዔ ee ° 
With servo pressure available 1ihe spovld ef valve HIV] is ilet 
shifted to position deere ٦ 
e ea e thea vinchi Grom orales; TR Si a O AO eee 
Dee pressure source Tor “che Seno denso) Bn 
o ھ٦‎ Ol | 6 ብ: ፡መጮፎ፡.፡. Lo ei 7 
ages ا لے‎ ‚u: tensiorine variable pumpe PVI end PY?, and the 
transfer variable pumps FV2 and bui, cre spring toured to tae 
conter Or “Stop” POSICIONS The A and U ends of the tensionine 
and transfer control actuators Gad and CA are commocobos SD S 
pu co فک را‎ 0 መን ፒን ጊዲ የገ spools Cf Neos bee aa 
مت‎ GOTI OOM 06 117611 A 7 ነከ. ...፡ :. ፡..- 
hydraulic fluid from one end of the d e Co E 
LDosbbe other end of th> same control acluator. epen snr nae اانا ارا‎ 
is availatle the spools of valves H2v1 and HzVP? ace pilot shifted 
by servo pressure from spring loaded CosL Lors A bo foster 
thereby blocking the hydraulic short cirovit betimen thr ends of 


emh CONi rol actuator. 


In the event of loss of hydraulic servo pressure the spocls 
of valves H2V1 and H2V2 spring from operating 06۹" m 
loaded positions A bhereby በ11. 1011011016 tho conto] Goa. 
9 2۳0 612. "Ihe 511112 1ዐሀጠ በ1119 forces the gonLrel Jin 222 ሽሽ 
encir center or "stop" positions tis stoppin che livdpe cl 
to and trom the hydraulic motors, MU] ond NEZ. The inch dra. 
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0,3 dl 
essential for the control systems to cperate as these systems 
include solenoid operated vaives. Valve S53V1 isoiates the conm- 
trol systems from the servo pressure source in the event of 
failure of electric power to the control systems. The Spool CT 
valve SS3V1 is spring loaded to position A thereby isolating 
and draining the ገ 08 iines of the controi systems. Jhen 
electric control power is available solenoid SOLI, electric cir- 
cuit branch Di, 6 energized shifting the spool of valve SSZ3Vl 
from spring loaded position A toWpossoson B thus permetti Servo 
hydraulic flow to the controi systems. 
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In the following descriptions concerning the electric 
hydrauiic sequences for phase shifting, tensioning, stop 
correcting, transfer control and sliding block systems; the fail 
safe features described above will not be referred to. Although 
the fail safe features are important they do not contribute to 
the operation of the systems described below beyond the extent 
already stated above. Thus the descriptions of electric hydraulic 
sequences which follow are dependent upon the existence of adequate 
controi electric and hydraulic servo and replenishing supply 
sources. 


PHASE SHIFT (Figures 1 through 4) 


The phase shift occurs during both manual and automatic 
operation of the transfer system. The phase shiit occurs auto- 
matically at a fixed position of the troliey with respect te the 
delivering ship. The point at which the phase shift occurs is 
dictated by the transfer sensor. Programming switch PSl opens 
or closes to initiate the phase shift. As the trolley moves away 
from the delivering ship the inboard whip is paid out from its 
winch drum. . As the inboard whip winch drum rotates it also rotates 
flexible shaft FS1 which directly drives pinion Pl further driving 
spiroid gear SGl rotating the cam of programming >1 ۹ +٣٢ 
Speed reduction through the pinion and spiroid gear 1 በያን 
one rotation of the cam of programming switch PS1 corresponds to 
less than 250 feet of travel of the trolley from the delivering 
ship. The cam and switch of programming switch PSl are set to 
operate as tne trolley passes through Point I, a fixed distance 
from the delivering ship. 


Considering the three dimensional aspect 0 ٣ 
point on a spherical surface with the center for this. spherical 
surface being the upper tangent of tne inboard whip fairlead 
sheave. 


The Sequence of operations associated with the phase 7٣٢ 
are; 


With the trolley enroute from its initial position at the 
delivering ship (zero distance from the delivering ship): 
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| 1 
of valves PEVI and ۲۳۷ 2 ء‎ 
PHV1 and PHV2 is drained a vaive SS4V1, with valves PHVI and 
۲۲۰۰٢ an position A, us the hydrauiic fiow generated by tension- 
ing variable pump PV2 serves ፡፡፡ Hvorau c motor Ir) 06 
the transferswhip winch drum. With PSi oben both tensioning 
vorsdbie poumps. PVi and PVC MOrive the transfer whi » winch drum and 
tensioning corrections are made withcut affecting the position ol 
the trolley relative to the delivering ship. 


in Tao Yi org he den erringen ae 
transten o! Le ieee, DET ine reo ni, 3 
is phased to the delivering snip. 
231 iS OD GC ዲሮ TT ከርክር aD 13 ር ር ጋ ውን 7 
S0L2 is not energized: i 323494. is in its spring lcadec 
position Ao Free pressure vnocoush valve SS4VI 1S "LO Ene X enc 
ጋ V2 Te. ur tu thea D end ei valves 
ራሬ ME 
Th 


When the tro 


lley reaches point I (as the trolley moves away 
from the delivering S 


hip) programming switch PS1 closes completing 


the electric circuit branch D2 thereby energizing SOL2: valve 
So4Vl is shifted from position A to B. Through valve 68 LVL pilot 
pressure now flows to ends B of valves PHVI and PEV2 while ends A 
are drained. Valves PHVi and PHV2 srift from position A to 
position B. Tensioning variable pump PV2 now serves fixed 0 
motor MF2 which drives the inboard whin winch drum. With PS1 closed 
each of the tensioning variable pumps drives a winch drum and 
tensicning corrections are made without affecting the position of 
the trolley relative to the receiving ship. 

AS the trolley passes througn point I on its return towards 
the delivering snip, programming switch قم‎ is opened desernergisina 
solenoid SOL2. Valve SSI 5S Sh I ed Dos لخد‎ ۰٣ 
loaded position A. In a manner similar to that described above 
but opposite, phasing is thus shifted from the receiving ship to 
the delivering snip as tne trolley approaches the delivering ship. 


TENSIONING (Figures 1 through 5) 
hol Manual Operation 


4.13 Place operator switch CS] in "Manual" (open) position. 
Electric circuit branch D3 is broken, therefore solencids 
SOL3, SOL4, and SOL5 are not energized. Valves SS3V2, SS3V3 
and SS3V4 have their spools in spring loaded positions A. 
"With the spool of valve SS3V2 in position Á return hydraulic 
fiow is from servo valve SV1 while return flow from servo 
vaive SV2 is blocked. Valves 933V3 and S5374 permit flow 
through servo valve SY1 to and from the tensioning control 
actuator CAl while isolating serve vaive SV2. 


alek lo "pay ou! Ou Manually move manual tensioning control 
lever MIEL INIT COI ec on پ۶۷‎ ۶۶٦٣٦ 
linkage with suitable reduction the spool of servo valve 
oVl is aiso moved toward direction A establishing hydraulic 





5 : an ue a : ا‎ SI t ረእሂ sa gd 

iow CORO servo valve SVI and 5 ionis 
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vazve SS3V2 to the reservolr. The rod e tensioning co; 
reina nn on e 
vicc sr ME cen sionine variable pumps PV. and ۶۳۷ و‎ 

Lo sic, Ol pro volvo DN 5-0 ze CY non: 
oi tane frega ose «ppi 1 11 concur ae La ASSUME 
rod of the tenslioning control actuater CAL appreaches tne 
pos dieci La. 
tensioning centro. lever MIEL, the hydrauzic flow to and 
from the tensioning control actuator CAL 25 nuilifled, The 
* 8 ۳۱. 2005042500005) 050071 ASC wann, eye 
tensioning drive ii. Tiow end tre resuitant payout 
Speed of fixed nydre uiic motor MFl if phased to the deliver= 


ing ship cr of fixed hydraulic motors bor amim RESO 
to the receiving EDS 0 to the operator displace- 
meni of the manval tensio 3 


3 E 
2 


ng contro lever MTEL. 


4013 To "pay in": Menvally move manval tensioni N 6 ۶٣۳ 
lever MITEL in "pay in" direction. The spool of "vo valve 
vi 15 also moved moweara darrecorion Bb. 7 flow 
through servo valve SV! and valve SS3VÀ is to the B end of 
the tensioning contro. aztuator CA1. The A end of the 
E 


tensioning control activator CAI is drained through valve 
S85V3, servo valve SVi and valve. b to che resin h 

The rod of the tensioning control actuator CAl moves in the 
Mody ae Or ec.2 on simultane ae te Soke ፣ንምን»ን፡ © 
pumps p acd PV2, The sieeve of servo valve SVL is aise 
pos2tloned by movement of the rod cf the tensioning control 
actuator CAL. As the rod of the tensicning control actuator 
CAL approaches the position dictated by onerator dispiacemen 
of the manual tensioning control lever MITEL, the hydraulic 
flow to and from the tensioning control actuator Cala all 
fazed. The final response position of the 212022. ፎር 605. 
CAL rod and the resultant pay in speed correspond to une 
operator displacement of the manual tensicning control lever 


MTEL. 
4.2 Operation of Inboard Whip Winch Drum Alone 


The main hydraulic drive transmission does not prcvide any 
means of operating the inboard Whip winch drum only. For limited 
purposes, such as placing wire upon or removing wire from the 
Inboard Whip winch drum, a means of driving fixed hydraulic motor 
ME? alone at limited capacity is provided. 


4.24 To operate Inboard Whip winch drum alone, manually 
shift Transfer Whip bypass valve M4V1 from position A to 
position B. Through manipulation | of the manual 77ت"‎ 
control lever MTRL the Inboard Whi ip winch drum may be 
rotated alone at limited speeds. 
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4.22 Io restore to nermai operating conditions, manually 
shift Transfer Whip bypass vaive MA4Vi from position B to 
position A. The pilot line to valve H3V2 is now ee 
rom che rep.emrishing pressure by the spot 

Thus the pilot to valve H3V2 drains and v 
from position ib its spring loaded pos 
ehe repienis. ar Supp ly now hydraulicali 
Transfer Whip winch drum brake BHl. Wit 
Transfer Whip bypass vaive MAV] in posi 
connection between pay-in and pay-cut s: 
hydrau iz motor MFi is bisexed. Thus D. Wi 
is now restored for normal ሚር ለ860 Mod 
operation. 
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ገ 
Poetic. elec EC E ach D3 is E 
SO: UL ena SOLS re erergized, The so ols 
$53V2, 953V3 and SS3V4 are shifted from their soring 
positions À to positions B. The spooi of vaive now 
permits servo valve SV2 to drain while the return flow from 
servo vaive SV1 is blocked o The spoołis of valves SS3V3 and 
SS3V4 permit fiow through servo valve SV2 to and from the 
tensioning control actuator CAl while isolating servo valve 
iy ies 
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4032 sa tension is at desired value: The spool sf servo 
vaive S72 is located at its central position producing 

baianced fiow to both ends of the tensio ning control actuator 
CAL tnrough valves SS3V3 and S53V4: theoretically zero 
hydraulic flow to both ends of the tensioning control actuator 
CAL. The strokes of tensioning variable pumps FV1 and PV2 

are at tre zero flow center position. The spool of serve 
valve SV2 is positioned by spring force opposed by the 
9999۶ ٗ ٤6 ሽን by the pressure cf the pay in side of 
the fixed hydraulic motor MFI at differential actuator DAI. 
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and gases 592V2 bo the reserves. Me rod si the Genssoni ng 
controugctuatcr CAL moves in the “pay out” cirestion simul- 
taneously str:xing Lone oru variabie pumrs PY1 and PV2, 
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The sieeve of serva vaive SV2 is aiso positioned by movement 
Ù 
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f tre rod of tne tensioning control actuator CAL. As the 
Poo Gf the tewxssoninge control GAG TAT CA! apuroacoes Unc 
position dictated by the rig tension, the hydraulic flow to 
and from the ten متس‎ " ሸሽ. actuator CÁl is nuilified, 
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፲ሟጊ ጋ Oa: 5) 
F piston rod of differential actuator DAL to move tóvar 
L direction B, The spool of servo vaive SV2 is moved ir 
direction B -by the greater force of the spring agains: une 
se مت اد‎ ۱٠۷1 RE 763ر‎ une 87 
pressure at the pay in side of the fixed hydrautic motor MPI. 
Servo e rlow as established through serva vaive SV2 
and velve SS4V to end B. of the tensioning control actuator 
Dn). Ihe aA end ef vie tension,ne convo. Act Aar or CALP aa 
through valve 55S3V3, servo valve SV2 and valve 552ኛ2 ቲጋ the 
reservoir. The rod of the tensioning contral actuager CAL 
mes 4 1+7 simultaneous Ly stro sing 
tensioning variabie pumps ۳۷ 2 ام‎ [ne sieeve ai eme 
servo valve SV2 is aiso positioned by movement of the rod 
9 


ሠ => 


of the Lui; oning control actuator CÀl. As thesret® ot. 
“0۶ 1+170 trol actuator CAI approaches the position 
dictated by the rig tension, the hydraulic Mo, to and from 
the tensioning contro: actuator CAI is huliified. The 
finai response position of the control actuator CAL rod and 
the resuitant pay in speed correspond to the quantity ርያ 
tension discrepancy below the desired value cf tension. 
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5. TRANSFER (Figures i through 4) 
el Transfer Sensor 


5.11 The transfer sensor receives mezhan 


i 
the Wine dine, لت لان‎ Ions o oea አ 


cal inputs from 
*nch drums 


e 
are transmitted to the transfer sensor by flexible snafts 

FSı and FS2. With these inputs the transfer sensor basically 
determines the movement of the troliiey for control and indi- 
cator applications. "Position" of the trolley for purposes 


= aec we 





D 3 


or tas descriptio: is the distance ہ٭ت ہن‎ the truiley and 
one cr the replenishing shins as measured along ine Trig Wires. 
The po Raion OL Lie tr oliey relative to the delivering 
ship is obtained from che revolulions of the {nbsard Vhi:p 
Wine di ni 
The DE TION of the treleey relative to the rvecesving 
ship 2sSgyobLained as the difference between the revo.uvions 
of the Transfer Whip winch drum and the inboard Whip viach 


QI UIs 


Through cam and programming arrangements the Transfer 
sensor AC ን “ከር tie Io LLON ONL Ca Cv LUTIONS: 


For both Manuali and Automatic Tensioning and Transfer 
Drs: 
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29.54: Performs the initia 


i 
phasing at the proper location of the irsliey during 
its transfer travel. 
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The controi outputs from the transfer sensor are 
electrical signals produced by the cpening or closing 
of cam operated. programming switcnes PSi through 5. 
Additional details of the operation of the transfer 
sensor will be included in the descrivtion cf appii- 
cable portions of the system which are dependent upon 
۱ the transfer sensor, 
2o12 Remote indiczatio Synehro transmitters Ti wand. 7 2 
provide synchro si; 0 for remote indic ን of n 
position. A dial driven by a synchro receiver wired te 
Synchro transmitter TX1 indicates the distance between the 
aro He yr ሠ ብ. ح۴۹۰7‎ 7۰711677712 ۶٦ ۶ھ‎ 77 
utilizing synchro transmitter TX2 provides an indication of 
the distance from the trolley to the receiving ship. 
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fangal Oper 808 ٘ 9 7 


Neun Laune m dn e dac em oae das ©. Pre 6 3 ፍመ. 


Control Operator Inputs 

S a Opsratsn Dee swan 0 77 position. 
Solenoids SOLO and SOL7 are not energized as electric 
circuit branch DI is opea. Branch FH is open. Valves 
SS3V5 and SS3VO thas have Se ECDL Seis Gey 
۳۰۶ ons A permivting flow to and from servo valve 


SV3 LOT ED ፡ 40 and SS3V6 to and from the 
1 ctuater CAR while iso. plage Dock 
F@roner details of ihe electrical cirsuitrev involved 


5.232 To "Deliver," (Move promo y tomara eo ena 


ship), operator moves manual control lever MIRL in 
"desiver" direction. Through A mechanical Linkage with 
Suitable reduetion the spool of servo valve SV3 is also 
moved toward direction A establishing hydraulic flow 
through servo VT oV3 and vaives SS3V5 to end A of 


transfer control actuator of CA2. Hyarauilc oxl from 
the B end cf the transfer control a ctuato ንሪ. 1 ር 
to the reservoir throvgh valve SS3V6 and servo valve 
OV The rod of control actuator CA2 moves simul- 
tanecusiy stroking transfer variable pumps PV3 and 

Tne sieeve of servo valve SV3 is ne o positioned‏ .بلاط 
by movement of the rod of control actuator CA2 as the‏ 
rod nf transfer control actuator CA2 appro አከር ር‏ 
dictated position. The fiow to and from the trans‏ 


con Trol actuator CA2 IS nalii egs el anal 
response position of the transfer control actuator 
CAZ rod and the resuitant transfer drive flow corre- 
sponds to the manual transfer control lever MIRL dis- 


piatement by operator, 


5.213 To "Return," (move trolley toward deiivering 
ship) similar to paragraph 2 abcve but the manual 
transier cono rol ever MIRLOS moved Ln es cu. 
direction. System responds in opposite direction, 
The final response position of CA2 rod and the 
resultant transfer drive flow corresponds to the 
manual transfer control lever MTRL displacement oy 
operator. 


Stop Corr ection (Figures 2 and 4) 


5031 The purpose of the stop correction feature is to 
provide the capability of stopping the trolley at any 
arbitrary intermediate point between the replenishing 
ships. Ideally this correction should not be required. 
The inciusion of this feature is to compensate for 
differences in the volumetric efficiencies among the 
major hydraulic drive components. 
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5.321 «dn Manual Transfer Control Operator switch 

052 is in "manual" position and the manua) transfer 
control lever MTRL is in its "stop" prsiticn. 

SE in tee So Transfer Control: Operator switch 
052 is in “Auto” position, operator switch O33 1s 

position, and the transfer control linkage‏ ا د 
is at or near its center position with normally‏ 
closed snap acting switches SA3 and SA5 heid cpen.‏ 


5.99 ANAL Transtar Control, the e rT E 


nn 


branch D4 from F to K is ‘compiesed by OS2 in "manual" 
position and snap acting switchwXSA* being ciosed. Snap 
acting switch SA is closed when the manual a nsfer 
control lever MTRL is at (or in close proximity) of the 
ML) posi Lon. From T to croni. C. Current Tavs 
through branch Ti with relay operated contacts RC26 in 
their normally closed position. | 


G 





2034 in Automatic Transfer Contzoi, the electrica! 
circuit Dranen Di iron M to kK us comutceted 59 092 27 
"Automatic" position with relay operated contacts R02!, 
in their relay operated closed position ama relay 
operated contacts, RC 51 and RC 61 in their normally 


closed position. 


Lom Tato sroand D.C. -eirrentger 9 ۷۷۷٢٣٢٣٢٣٣٢۶٣٦٦٦ 
1 hi nei avsoperwegareorLieun ን. +ہ+ٴ+‎ 7 
operated closed position and relay operated contacts 
RG 52. and RC 62 in their normally closed position. 
Dec. electric current flows from P through electric 
circuit branch Pi if relay Rl is not energized or tarough 
HOlectric cino branch be at velay Ri ds ener ٦ 
thence through branch Tl if in "Manual” or branch 72 if 
ل رك‎ ሙን Lo Preund. 


5035 Phasing. Energization of relay Ri is dependent 
upon phasing. 


5.351 If phased to the delivering ship, programming 
switch PSi is open and no current fiows through 
Ciare circa branch Dosa Ro y Ri is not ener- 
gized: relay operated contacts RCii are closed 
while relay operated contacts RCi2 are open. Hence 
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ር መከር 0.11 branch Pio iso 7 7۶) 
IS ۵ Li ti Cli ts engaged therefore the cams of 
programming switches FS2 and PS3 are 828 
gears by fiexible shaft FSI from the inboard Wnip 
wincn drum. 


Cams cof mcog&ramming switches PS2 amd FS) are 
spring Loaded {cn the shaft) to an open neutral 
position. If the inbeard Whxp wineh drum rotates, 
ipe ca. lug movement of the troli.ey re:iative to the 
defivering ship, through fiexib.e shafe Fol, gearing, 

and engaged clutch CLI the cams of programming 
switches PS2 and PS3 are also rotated. 


If the troiley moves a very small distance 
towards the delivering ship programming switch PS2 
كر‎ clas ed Teom etin ٣۱۷۰۰۰۰۰6 پت ت20‎ a 
Solenoidà SOL 8 is energized, Te spesi of valve DSVI 
is shifted from its spring loaded center position A 
to position B. Hydraulic fiow through valve DSVI 
to the A end and from the B end of stop correction 
control actwator CA3 advanzes the red of CA3 to 
stroke simultaneously variabie pumps PV3B and PV4 to 
"Deliver." 


As the trolley moves away from the delivering 
ship, the cam of programming switch PS2 is rotated 
in the cpposite direction. As the trolley reaches 
its desired position {the position desired when the 
control operator stopped the trolley], programming 
Switch.PS2 is opened. Solenoid SOLS is energized 
and the 5 ۵01 of valve DSVi returns to Spring 
Joaded center position À blocking all vaive ports 
at that vaive, 


lf the trolley moves a very smali distance 
away from the delivering ship, a similar sequence 
of events occurs ultimately adjusting the stroke 
of transfer variable pumps PV3 and PV4 to return the 
trolley toward the delivering ship. a sligat amount. 
PS3 is closed, solenoid 5012 is energized shifting 
une Spool gt ValverUaV I, Go pease vion C, with resui- 
tant hydraulic flow to the B end and from the A 
end. ol ccontrol setuarer CES Gio tne c PONE a 
transfer variable pumps PV3 and FV4 are simuitaneously 
adjusted toward the return direction. 


5.352 If phased to the receiving ship, programming 
switch PS1 is closed and current ficws through 
electric elevo beanch 2. keray lI Ss ۶۷ 3 ٦ 
relay operated contacts RCll are open while relay 
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he 1) 4 on a... ሦ፡152 ሀረ ጋጋ a 88077 
r te that described above but win the stopped 
0 


5፤ 2 
poss von of the زب‎ መሃ Tooo to tbe receiving 
ship instead of the delivering ship. 1f movement 

CN TS Tone ne nos ugs Ec decessed 
programming swisch PS3 is closed; if movement ol the 
trolley away from the receiving ship is üstertes, 
programming switch PS2 is ciosed. 


|o Automatic Trans er Contro! 


Sell +888 cperator £ switch OS2 in "Automatic" position 
allowing, : carrent f ow in eL Tecuriz c: circuit | ranch Di from 

F to H. Solenoids SOLO and SOL/, electric circuit branen 
H2, are I eg. Valves SS3V5 - ue 36 have their Spoois 
shifted from spring ioaded positions Á to positions B 
permitting fic ow to and from valve DSV2 through valves SS3V5 


am 593۷6 whi isciating servo valve ۰ 

5.42 To "Stop," place operator switch O55 in "Step! 
position (this switch is spring isaded t> "stop" position 
and held in "Deliver" or "Return" positions by energi 260 
solenoids SOLA ar SOLB respectively). With operator switch 
OS) e che "Stop" pcs: tion €Urrens ی تا لد‎ 8857 
Careu. branch Hoi energizing relay Reo lero: zation es 
relay R2 closes relav operated contacts RO2I vhrougw 25 and 
opens reiay operated contacts RC26 through 26. 


Control response wiil wiil depend vpon the pos-tion of tne 


— e Ó a 6 





transfer control _iinkage at the time at vhich operator swit 


053 is shifted to the "Stop" position. 
Dawe li e trans ter” cont daros Estat 3 ٣7 
its center "Stop" position, normaiiy = snap 
acting switches SA3 and SA5 will be held open by cam 
surfaces on the transfer Eee linkage. Electrical 
branches i and II are broken: there is no current 
flow through relays R5 SA Ko cor solenoids SOLLO or 
SOLll., The normally closed relay contact s ROSA OS 

61 and 62 are closed. Thus electric Em branch 

DA is closed to point K and electriz circuit branch T 
is aiso ciosed. The preceding description of the 

stop correction system applies. 


sh 





522 If tie ቲተር. ርዕ 


de a i A: 
towards tne Fhe ver dares tio ac vue tds ut NC 
on Oram iten (Ss ts /al tte co the “Sap, 

snap acting; de لا‎ SLE eS Caer ed fret ee esc 
1S 2 6526 1 می تو تسم‎ ۹ ۹)۹ ۳ 

through a ao ee, cuo PA 5 
and Serena Out. Nevo ty elos) wo eee EO 
contacts RC5. and 52 are opened by relay R5 thc^éoy 
Pu ርር ጋ... ሪሠ7ያዯያ660 ፡ንን ከ.) .ፒ. ርክ) መ. 
SI a O Mee tedio. ቢች ቢይ EE o 
valve DSV2 to position C. Servo nydrauiiz flow | 
through vaives DSV2 and SS3V6 متا‎ tne B end cf transfer 

: 


Contra. ner. or Ch? mowee tno rod at cobro: 


41 
2፡7 ረ 51. 2 ነ ተተ” ene transi = 








O 

r control ilnzage in 
tho netnzal direction. The A end of transfer control 
actuator CA2 is drained tbroug^ valves SS3V5 and DSV2 
and restriction RE2, which impedes the returg fiow 
thus limiting trolley deceleration to 12 Zus”, As 
the transfer control linkage reaches its center "stop! 
pesition, nermaliy closed snap acting switch SA3 is 
engaged by its can and opened diseontinving current 
flcw through branan I, Relay RS and selenota soci 
are de-energized.^The spool of vaive DSV2 shifts from 
position C to its spring 3ioaded center position À 
n blocking hydraulic fiow to and from the trans- 
fer control savctusvon CA2. مه و‎ ۱9 8٤٥+ ٣ 
RUSE S2 SAIT OCTET TTT OS 
allowing current flow in branches Hi ard T2. Tre 
transfer control linkage is now at or near its center 
"stop" position. Ihe stop correction system Fıns- 
tions as described above, 
509423 Af the transfer contes ٤ ٣ 
towards the "Return" direction at the time at which 
operator switch 053 is shifted vo the "stop" position, 
snap acting switch SA5 is disengaged from its cam and 
is in the normally closed position. Current through 
branch II energizes relay R6 and solenoid SOLID. 
Energization of relay RÓ opens relay operated contacts 
RC61 and 62 prohibiting operation of the stop correction 
system. KHnergization of solenoid SOLLO shifts the 
spool of valve DSV2 to position B thereby moving the 
trpansfec contro linkago towards ie "Lesa ርሁ ፡ ጅጅ ከ ኸፒጊጉፒርር 
‘As the transfer controi linzage reaches its center 
"Stop" position, normally closed snap acting switch SAS 
is engaged ከሃ its cam and ORE ened discontinuing current 
flow through branch II. Relay 6 and solenoid SOTME 
de- -energi zed. The spool of valve DSV2 shifts from 





posit icu B to 1ts strinpo icadedemtento: را‎ ». 


Relay cperated contacts RC61 and 62 shift to their 
normally cizsel pisliions. The transfer coniroi 
linkage is now at or near its zenter "stop" sos3tlon. 
The stop correction system functions as desrribed 
above, 
beo ነ! 1 ever”, place operator switen CS3 in tne 
"deliver" 1 posi Mel on. Mies ۱907 Hee ton0 is 
completed. So; -enoid SOLA and relay H3 are energized. 
e ar SW Leb 


Energization of so.enold'SOL A maintalns operator 
053 in the "Deliver" position. Energizati 
closes relay operated contacts ao Se， 


ens normally 
ciosed relay operated contacts „NC32. Resultant current 
ow through bran:h D6- IH energizes relay RO and solenoid 
$0170. (Operation of relay RÓ concerns the stop correction 


system and was explained above.) Ene rgization of solenoid 
S0LIO0 shifts the spool cof valve DSV2 from spring loaded 
center position A to position B. Servo hydraudic flow, 
tirones valves De9v2 and So 0; 356 to irre Ard of “Ure 
transfer control actuator CA2 which moves the transfer 
control linkage towards the "Deliver" direction. The B 
end Of the transfer control actua or CAZ Ss QA NE 1 
valves SS3V6 and DSV2 and restriction RE2 which impede 
return fiow thus limiting trolley accele ara 4 9 2 
As the transfer control ME reaches its maximum sp 
"Deliver" position, normally closed snap acting switc: 
is engaged by its cam and بت ہت‎ 253 Coen 
through branch III. Relay R6 and soleno2d SOLLO are d 
energized, The spool of vaive D5V2 shifts from positi 
to its spring loaded center position A thereby blocxin 
hydrauiic flow to and from the transfer controi actuat 
CA2, The trolley is now proceeding in the "Deliver" 
direction at maximum speed. 


My 
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As the trolley proceeds from the Delivering Ship toward 
the Receiving Ship, flexible shafts FS1 and FS2 common with 
the Inboard Whip winch drum and the Transfer Whip winch drum 
shafts directly drive, through suitabie pears, the SUI gals 
of a differential at the Transfer Sensor. The resuiting 
revolutions of the differential cross shaft are indicative 
of trolley position as related to the Receiving Sipe 
differential cross shaft is coupled di rectiy to a pinion Do 
which meshes with a spirsid gear SG2 which in turn rotates. 
the cam of programming switch PS4, The rotational speed of 
the differential cross shaft is reduced 50:1 through the 
pinion-spirci& gear P2-SG2 combination. 


When the trolley reaches point Il, programming switch 
PSL is cam operated from its normally closed position to 
open. The electrical circuit branch H32 is broken de-ener- 
gizing soienoid SOL A and relay R3, Relay operated contacts 





ከ0 352 retura to their normafiy opered pase 


58 2665 while res; 
Was side oO) Tenia o Lac. Mea 13076 
position. De-energization ol solensia SUulA 1€:02305 cpevator 
Sie OSS Wie cn Sacos 2US Cet er springs Aoc ከ. 
position: The trolley is broughe to a stop in e 7 
described above with the transfer contro. iingage disp.azed 
towards the "Deliver" direction at che time at whick operator 
switch 083 is shifted to the "stop" positlon, paragraph 5.442. 


544 To "Return", plase operator swite 
pest Lor rice circuit branch E. b: 
Solenoid SOLB. and reiay RL are energized, Ene rp ization DÍ 


solenoid SOLB maintains operator switch Dole 0 a" 


in Hop» 
4 


= Su 
۷ ern, We ع‎ 


position.  Energization of resay Hà c.5sez کیہ‎ ሥሪ) 
Contacts Roi ani opens normally cosed Te Ey erated con- 
tacts RCA2 Resuitant current flow through branch +0 


， 
energizes relay R5 and solenoid SOi11. (pois Ro € 
Stop correction system.)  Energization of ።ሸ፡ 4 o ‘shifts 
the spcol of valve DSV2 from spring lsaded center pesition A 

to position B, Servo hydra aulic flew through valves DSV2 ana 
SS3V6 isito Sie Bend of the transfer control actuator C2 which 
moves the transfer control iinkage towaras the "Return" 
direction. The A end of the transfer control actuator 7 

is dráined through valves S53V5 and DSV2 and restric ፡ REZ 


which impedes the return flow thus limiting troiley acceLera- 
tion to 312 fos*. As the transfer control linkage reaches its 
maximum speed "Return" ee. Normally 2eicsed srap 228 ur 
switch SAL is engaged by its cam and openei discontinuing 
cura SI ا‎ Rea T ا‎ 1 ۶۶ ۹۹٣ 
de-energized. The sposi of valve DS72 shifts from position 

C to its spring loaded center position A thereby blocking 
۲۰۱۹٦١316 ጋህ to and from the transter contro. atvuarccr Gc. 
The trolley is now proceeding in the "Return" direction at 


maximum speed. 


As the trolley proceeds from the Receiving Shin toward 
the Delivering Ship, flexible shaft E common with the 


Inbcard Whip winch drum drives a pinion Pi which meshes with 
a spirtid gear SGl. The Spiroii gear Sel “n طنانا‎ 00 666 re 
cam of programming switch PS5. The rotational speed cf the 
flexible shaft FSI is reduced 50:31 through the pinion-spirod 


gear Pi-SGl combination. 


When the trolley reaches point III, prcgramming switch 
PS5 is cam operated {rom its normally closed position to open. 
The electrical circuit branch H33 is broker de-energizing 
solenoid SOLB and relay R4. Relay operated contacts 5011 
return to their normally opened position while relay operated 
contacts RCA42 return to their norma ily closed position. De- 
energization of solenoid SOLB releases operator switch 083 





which shifts to its center ra. ር ቪር ከከከ. 

The trciley is brought to a stop in the manner "800 ۶ above 
e Rene ጊጊ በር” COITU. Linkare "+۰ ۰ ٔ ٔ, and e 

۱۱۳ کر ی‎ direction at tho 07.ሀ.ሀ2. ገ... ርን ስከ sviteh 0323 

is Sho eg to the "Stop" Dose on, pen... 


un 


SLIDING BLOCK Figures 2 and 6 








Sn TO raise the siiding block the operator depresses normail, 
open 5 loaded push button switch GS4 completing electric 
۲ Uni En: 501612 ds SOLi2 and SOLl, are esergized,., The 
5 902 of valve DSV3 is shifted from its spring icaded center 
position Á to position B, and the spovol of valve S53V7 is snifted 
Hom as sprsuswoaded position A to posil on ba 

Servo hydraviic flow through valve DSV3 to and from fixed 
hydraulic motor MF3 drives a roller chain Sprocket to raise the 
sliding bicek, 


Restriction RE3 impedes the return hydraulic flew thereby 
limiting the siiding block acceleration and speed as desired, 


ሃሃ througn valve SS oy releases 


Replenishing hydraulic fio 
herwi.se would terd to hold the 


spring set braze BR3 which st 
a 


slading bicck at a fixed location. 
The operator maintains manual pressure upor push button 
switch 054 so long as he desires the sliding bieck to continue 
GO raise 6 
If the upper limit of travel of the sliding block is reached 
normally ciosed limit stap acting switch SAÓ is cam operated to 
open and electrical circuit Branch D8 is broken thereoy de~ 


energizing solenoids SOLi2 and SOLlA., 


The spools of valves DSV3 and SS3V7 shiit from positions & 
bo their spring loaded positions B. Hydraulic flow to and from 


fixed hydraulic motor MF3 is blocked by valve DSV3 and the ۱ 
hydraulically released brake BR3 is isolated and drained by ۵ 
593V/, Brake BR3 springs to its locked position. The upward 
travel of the sliding block is stopped and locked. To stop Ene 
sliding block at an intermediate height the control operator 
releases switch OSL; sequence of operations is the same as if 

the upper limit was reached except that electric circuit branch 
“ብ broken by the open switch 054 instead of the limit switch 
SA 





6.2, To lower the sliding block the operator depresses normally 
open spring ioaded push button switch 085, Sequence cf operations 
is similar to that described above for raising the sliding block. 
With switch 055 depressed solenoids SOL13 and SOLIL are energized. 
The spool of valve DSV3 shifts from spring loaded position A to 





CU RTPS NO, it 


ale O 


position B estabiishing hyaraulic fiow to and 5۸۴۰0۴ 1-6 
motor MF3 thereby lowering the sli iding bilagki Ihe 22507 oj valve 
لام‎ ۹۹  ى+‎ from spring loaded position A to pesition B, thereby 
releas sing brake BR3 freeing the sliding tiock for operation, 


normally و سوت‎ rap acting switch SA5 is opened thereby 
de-energizing solenoids SOL 13 and 522 15, Tne soo2is of valves 
DSV5 and SS3V7 shift from positions C and B, respectively, to 
positions A, Hydraulic fiow to and from the fixed hyGraulic motor 
MF3 is blocked and brake BB? is set, The downward travel of the 


Uroliey 25 thus stopped. 


| By releasing push button switch 055 7) 
the sliding bieck at any intermediate posi 


3 
لا‎ 
ያ 


7.1 Plans dew 'eloped for Tensioned Modified Housefali Model Mark 


Il are: 


6 


A1b1S 


DOR 22027 4054 TMHF Model MK.II Hydraulic Motor 
and Winch Drum Shafts and Mounts, 








521. 2022328 TMHF Modei MK,II Preliminary Arrangement 
and Structural Details, Sliding Black, 

TMHF Modei MK,II Hydraulic Punp and‏ 0 0777ھ ۶ھ 
Brake Mounts.‏ 

521 2022384 TMHF Modei MK,II Hydraulic Manifold 

7E items on hand at San Francisco Navel Snipyard 

Item Quantity Remarks and/or Description 
MFI & 2 2 ۱ WSI Series 900 Fixed DD تس‎ 


Hydraulic Motor. See page 66 of 
reference (a) for description. On 
loan fèn Washington Scientif 
Industries, Inc., Minnea polis. 
Minnesota. 


PVi thru 4 l ickers PVB-10 Variable Displacement 
Hyaraulic Pump. See page 66 of refer- 
ence (a) for description, 


SNO 1 Vickers PVB-5 Pressure Compensated 
Variable Di splacement Pump. See 
page 66 of reference (a) for descrip- 
Eien. 





Quantity‏ وا 
PVG 1‏ 
EMI 1‏ 
EM2 & 3j 2‏ 
Controller 1‏ 


Lor Bl 


Controller 2 
[or EN 23 


Push Button 5 
Star Cao ‚OD 
SWitcnes 


Winch Drum 1 
Winch Drum l 
Pressure” 2 
Roiler 


Assembiies 


Shaft 8 
Couplings 


Flange 9 4 
Mounted | 
Bearings 


oheaves 18 
approx, 


Uu. ع‎ es y n - ^ X یه ړم‎ Ê w," ን 
Remartus یت‎ Ee pecori T) 


Vicker g Vv poe GG EO Pressure Compen- 
sated Vari abie nn Pump e 
See page 66 of reference (a) fox- 
descri T on. 

Marathon Blectrie 15 HP AC Motor, 
1760 RPH, TEFC, Double Shaft, See 
page 67 of reference (a) for 
description, 

NES Tho ECoG TE MNT AC Non, 
i740 RPM, TEFC, Double Shaft, See 
page 67 of reference (a) for 


descripulons 


440 Volt 3 Phase 60 cps AC 


440 Volt 3 Phase 60 cps AC 


NEMA Watertignt enciosures; 
for EMI Thea. 


Transfer Wnip.  LeBus grcoved 
for 1/8" 7 x 19 stran ‘e CI 


Inboard Wolpe LeBus grooved for 
1/8" 7 x 19 strand core CRES wire, 


LeBus 


Thomas Fiexible Diso Type, 

MFi and 2 to vincha drum shafts 
EMI to PVL & 2 

EM2 to PV3 & با‎ 

EM3 to PV5 & 6 

Schafer Self Aligned to 
support winch drum shafts. 


Tapered Roller Bearing 5" & 6" nominal 
OD, Grooved for 1/8" کت‎ To be 
used for siiding block assembly, fair 
leads, trolley and housefali block, 





| Ar. [een 


Pav 1 592 


BVi thru 4 


CVi thru 4 


Mavi 


7.4 The following items are required, 
design or availability for specific manufacturers 


This is not a complete list. 


Remarks and/or Description 


listed. 
Item 
اس‎ 2 


053 


OS4 & 5 


Ihe main hydrauii 
liowing valves "(BUS 


Quantity 
መመጨመ ሠሙኦ ው i rx mu ene 


1 ل‎ 
APPO, 


2 


Quantity 
2 


ኢን 


ው ን መ መው 5 eee snai ክክ 
Manal olda was CS Tec Lo iaia 
۰ — È o amas ~o کے‎ ^am ےک مود‎ 2 E t. a~o ama uh ሬ ጨ ‹ጩጠጩ-- Mn dee o 人 “eee 


መሬ) 


P T 7 
رت نے‎ Dear: e , 
NO IOUE U 


—————————— P ےت‎ sn میس و وه‎ È 


> : ወቃ ዝም m 
Remarks 


17፡፡ 7 $ 19 strand sega CHES. 


Remarks and/or Dsscripulton 
Rivett Lathe & Grinder, inc ۱ 
6805-3 Doubie hydraulic pilot 

d. No springs, 2 position, 
alve ito be used as 3-Way 

o il" sige, Mounting sur- 
faces to be machined on manifold. 


Fawick Corporation Hydraulic- 
Electronic Division ae o 
cartridge relief valve 131189-020. 
Mounting cavities to be machined 
in manifold. 


Combinatior pump Valve Co, check 
valve cartridges catalog No, 665-1. 
Mounting cavities to be machined in 
[በ2113 ፲ ር›1 0 


Denison vaive 3/4" 4eway manually 
operated detent positióne A, sub-piate 
type. 3 detent dd DD o 513 D type 
3 spool {to be used in 2 spool posi- 
tions only, in کر‎ center position). 
Mounting sur 2 To be machined on 
manitoid, 


No commitment exists in 
conponents 


Manually operated 2=-position detented 
switch, 


Manuaily operated 3-position switch. 
Spring loaded to center "Stop" position. 
Heid in "Deliver" position by energized 
solenoid SOL A, Held in "Return" posi- 
tion by energized solenoid SOL B, 
Manualiy operated pusn button switches. 
Spring loaded opino 





PS 3 *ዴ oF 2 
ro 2.6% > assemblies 
2 
programe 
* ming 
Switches 
each 
assembly 
PS4 | 
GAL Thru 7 
/ 
RI, pU & 6 
R2, RC21 
thru 28 
R5, RC3i 
& 32 
R4, ROM] & . 
42 
HU HOC: & 
DE 2 
R6, RC61 © 
"62 
CLI & 2 1 
assembly 
Transformer- 1 
Rectifier 
TxX1 € 2 2 
E 
Synchro 2 


Receivers 


?? ኀ 3 a 2 7 ut 2 ሩ ~ 

Maxn^53 d OS ein “DSi see” A ic ,).ጩ 
Do Ret OL MIES DESEO. 

Valse ACL I DTS, OD cared pein 
Valves, Tnese solsnolds should 

be heavy duty cii immersed types. 

T ec : nm 7 (^ ۰ rn 

das; volts OU Gps ALC ር 

Precision Nechanismsi Corp: 0 6 
cam switch model CS 402-7 ው 
Precision Mechanisms Corp, 

Adjustable cam switch model CS^02-] 


with double ended shaft extension, 


Salt water and oil environment proof 
snap acting switches. 


Salt water and cii environment 
proof relays. 


Guidance Controis Corp. Duplex Clutch 
Model HCC 8 254-28 Voit DC, 


115 Volts 60 cps AC to 28 Volts DC 
fOr Gluten 6 


Synchro Transmitters to provide remote 
indrcatron of pua y distance to 


ey 


either replenishing ship. 


To provide remote indication 
replenish- 


Not shown, 
of Trolley dístance to either 
Ing ship. 





Fra ia 
po. v 


Dl erential 


DUM Nru 
3 


- 


CAL thru 
DAI 


DSV1 thru 
D 


SS4V1 
ET 


H3V1 & 2 
۲۱2۷ . 2 
BL thru 3 


MF3 


DN 


دیا 


6 


Remarks and/or Description 


Mechanical signal tiansmission from 

1 ; 712٦ 1 nese ሥቶ) Ir ን — Q7. Y^ 2 ir 
winch drums to Transfer censor. Shou! 
be large size to minimize lost motion. 


Precision تام‎ Components catalog 
code & bi. Sedia, 

Precision Instrument Components catalog 
code V, 


Mechanical servo valves, Will most likely 
require specific siens. ze depende 


upon control dynamics. 


Double end double astinge hydrauiic actuavors, 
200 Ps ravine. © 2e 1 70 
avilability and controi dimensions and 
dynamics. l 
Single end doub.e acting hydraulic 
actuator, 2000 psi. Size dependent upon 
avilability aná control dimensions and 
dynamics 


Valve 1/4", 4-way, 3-position, doub? 
solenoid operated, ee centered. n Vy 


duty oil Immers u Som ONS, 
Valve, 1/4", Heway, 2-po osivion, singie 
Solenoid operated, heavy duty 021 in- 


mersed 8616850430. 

Valve, 12, 3-way, 2-position, singie 
solenoid operatsd, heavy duty oli im- 
Merced 9 


Valve, 1/4", 3-way, 2-positior, single 


- hydraulic pilot operated. 


Valve, 1/4", 2-way, 2-position, single 
hydraulic pilot operated. 


For initial orifice determination: variable 
Calibrated or Tas, 


Low speed high torque fixed displacement 

motor, Washi ingron ٣٠‏ 160ل بدت قل زا 
و را Industries, dnc. Motor Series‏ 
well suited. Ä‏ 


Filters. Initial and continuos filtrar aa 
to 25 microns or less is essential, 





አን 


& 


Remarks andser Desc: aption 


Heplentes en 00 DENS 
Servo System 1500. 7000 psi. 


Bush. pè pian Nod 80 
nor 


based upon Gootyear ‘industrial 
brake No, PD i436 SK 1, Wagner 
Electric Corp. Type SOH irdusti 


brake aiso aGaptabis, 


> ميس - 
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